We investigated lipid profiles and lipoprotein modification after immuno-intervention in patients with early rheumatoid arthritis (ERA). Fifty-eight patients with ERA who met the American College of Rheumatology (ACR) criteria were included in the study. These patients had disease durations of less than one year and had not had prior treatment for it. Smokers or patients suffering from diabetes mellitus, hypothyroidism, liver or kidney disease, Cushing's syndrome, obesity, familiar dyslipidemia and those receiving medications affecting lipid metabolism were excluded from the study. Sixty-three healthy volunteers (controls) were also included. Patients were treated with methotrexate and prednisone. Lipid profiles, disease activity for the 28 joint indices score (DAS-28) as well as ACR 50% response criteria were determined for all patients. The mean DAS-28 at disease onset was 5.8 ± 0.9. After a year of therapy, 53 (91.3%) patients achieved the ACR 20% response criteria, while 45 (77.6%) attained the ACR 50% criteria. In addition, a significant decrease in the DAS-28, C-reactive protein (CRP)
Introduction
Rheumatoid arthritis (RA) is a chronic systemic disease affecting primarily the synovium, leading to joint damage and bone destruction [1] . RA causes significant morbidity as a result of synovial inflammation, joint destruction and associated disability [2] . Epidemiological studies have shown an increased premature mortality in patients with RA compared with the general population [3] [4] [5] [6] [7] . Several investigators reported an excess of cardiovascular morbidity and mortality among RA patients. In active RA, the majority of cardiovascular deaths result from accelerated atherosclerosis [2, 8, 9] . Risk factors for atherosclerotic events and cardiovascular disease include male sex, increased age, elevated plasma total cholesterol (TC) and lowdensity lipoprotein cholesterol (LDL-C), decreased high-den-ACR = American College of Rheumatology; ApoA-I = apolipoprotein A-I; ApoB = apolipoprotein B; CAD = coronary artery disease; CETP = cholesterol ester transfer protein; CRP = C-reactive protein; DAS-28 = disease activity for 28 joint indices score; DMARDs = disease modifying antirheumatic drugs; ERA = early rheumatoid arthritis; ESR = erythrocyte sedimentation rate; HDL-C = high density lipoprotein cholesterol; LDL-C = lowdensity lipoprotein cholesterol; MTX = methotrexate; RA = rheumatoid arthritis; TC = total cholesterol.
(page number not for citation purposes) sity lipoprotein cholesterol (HDL-C), high blood pressure, smoking and diabetes mellitus [10] [11] [12] [13] . Approximately 50% of atherosclerotic coronary artery disease (CAD) in the community occurs in the absence of traditional risk factors [14] .
In general, and with some variations between different studies, the lipid profile of patients with active or untreated RA is primarily characterized by a decrease in serum levels of HDL-C whereas contrasting results have been published on the serum levels of TC and LDL-C [15] [16] [17] [18] [19] [20] . Importantly, the reduction in HDL-C has as a consequence the increase in the TC/ HDL-C ratio [15] . This ratio represents an atherogenic index, which is an important prognostic marker for cardiovascular disease [15] . Indeed, the risk of myocardial infarction increases considerably when this ratio is higher than five, and it should ideally be four or less [15, 16] . The serum TC and HDL-C levels in RA are inversely correlated with disease activity [15] , suggesting a potential role for inflammation in the atherogenic profile and the higher atherosclerotic risk observed in RA [17] .
The cholesterol ester transfer protein (CETP) has a central role in HDL metabolism and in the regulation of HDL-C levels in serum. CETP exchanges cholesterol esters with triglycerides between HDL and apolipoprotein B-containing lipoproteins and thus significantly contributes to the reverse cholesterol transport pathway. High levels of CETP activity lead to a reduction in HDL-C levels and an atherogenic lipoprotein profile [21, 22] . Thus, mutations in the CETP gene associated with CETP deficiency are characterized by high serum HDL-C levels and reduced cardiovascular risk [23] .
Our knowledge about the effect of treatment on the lipid profile of patients with RA is limited and only cross-sectional and short term uncontrolled studies have been performed [15, [17] [18] [19] [20] . In addition, studies on lipid profile and CETP activity, as well as studies on the effect of therapy on these parameters in early RA (ERA) patients, are scarce. On the other hand, atherosclerosis is a chronic process and only long-term changes of the lipid profile might affect cardiovascular disease. Therefore, we undertook a prospective, controlled study to investigate the lipid profile and CETP activity in ERA patients as well as the long-term effects of immuno-intervention on these parameters in patients with active disease.
Materials and methods

Patients
Inclusion criteria Fifty-eight consecutive, unselected patients who were referred to the outpatient rheumatology clinic between January 2004 and September 2005 were investigated. All patients fulfilled the American College of Rheumatology (ACR) 1987 criteria for RA [24] , had early disease with disease duration of less than one year without prior use of disease modifying antirheumatic drugs (DMARDs) and or systemic steroids.
Exclusion criteria
Smokers or patients suffering from conditions that affect the lipid profile, such as diabetes mellitus, hypothyroidism, liver or kidney disease, Cushing's syndrome, obesity (body mass index >30) and a history of familial dyslipidemia, were excluded. In addition, patients receiving medications affecting lipid metabolism, such as lipid-lowering drugs, beta-blockers, oral contraceptives, estrogen, progestin, thyroxin and vitamin E, were excluded from the study.
Sixty-three apparently healthy, non-smoking volunteers also participated in the study and were used as a control group. These subjects were selected from blood donors during the last two months of the patients' selection period and fulfilled the same exclusion criteria reported for the patient group. None of the subjects participating in the control group had a history of CAD. The control group was proportionally matched for age and sex to the patient group. All controls reported no significant changes in their body weight for at least three months before entry to the study. All patients and controls gave informed consent and the study protocol was approved by the Institutional Ethics Committee.
Study design
Patients were treated with methotrexate (MTX; 0.2 mg/kg/ week; mean ± standard deviation 15.5 ± 1.3) and prednisone (7.5 mg/day). The dose of MTX remained stable during the study while the dose of prednisone was tapered according to a patient's clinical response. Disease activity was assessed by measuring the disease activity for 28 joint indices score (DAS-28) [25] , while the clinical response was evaluated according to the ACR 50% response criteria [26] . All patients were followed up every month for the first three months, and every three months thereafter. During the follow up period, a questionnaire concerning changes in dietary habits was carefully fulfilled by all patients. The body weight was also measured appropriately in each visit.
Blood sampling and laboratory monitoring
Overnight fasting blood samples were obtained at baseline and after 12 months follow-up from both ERA patients and the control group. Serum lipids were determined within six hours of blood sampling. TC, triglycerides and HDL-C were determined on an Olympus AU560 Clinical Chemistry analyser (Hamburg, Germany) as previously described [27] . LDL-C was estimated using the Friedewald formula [28] . Non-HDL-C levels were estimated by subtracting HDL-C from TC. Serum apolipoproteins B and A-I (apoB and apoA-I, respectively) were measured by immunonephelometry with the aid of a Behring Nephelometer BN100 and reagents (antibodies and calibrators) from Behring Diagnostics GmbH (Liederbach, Germany). C-reactive protein (CRP) and IgM rheumatoid factor were measured by nephelometry. Erythrocyte sedimentation rate (ESR) was measured by the modified Westergren method. In addition, complete blood count with differential, as (page number not for citation purposes) well as serum glucose, liver and kidney function tests and urinalysis, were performed at each patient visit until the end of the study. CETP activity was measured by a fluorometric assay, using a commercially available kit (Roar Biomedical, Inc., New York, NY, USA). Briefly, 2 µl of plasma diluted 1:1 with sample buffer (10 mmol/l Tris, 150 mmol/l NaCl, and 2 mmol/l EDTA, pH 7.4) were used as the source of CETP. The assay was performed for 1 hour at 37°C and the CETP activity was determined by the increase in fluorescence intensity measured in a fluorescence spectrometer at an excitation wavelength of 465 nm and emission wavelength of 535 nm [29] .
Statistical analysis
All data were analyzed with the STATISTICA 5.1 program. Comparisons between groups were conducted using the t test. Correlation between variables was examined using the Pearson's correlation coefficient. A p value < 0.05 was considered statistically significant.
Results
During the selection period (January 2004 to September 2005), a total of 72 patients were recruited. Of these, 14 were excluded; 7 who were current smokers, 2 with diabetes mellitus, 4 who had hypertension treated with propranolol and diuretics and 1 who had hypothyroidism. Thus, 58 patients were included in the study. None of the patients reported a modification of dietary habits or experienced significant changes in body weight during the study. The clinical characteristics and lipid profiles of patients before and after therapy and normolipidemic controls are described in Table 1 . There were 44 women and 14 men with a mean age of 53.6 ± 15.3 years and mean disease duration of 0.8 ± 0.3 years. Fifty-three (91.3%) of the patients achieved the ACR 20% response criteria, while 45 (77.6%) attained the ACR 50% criteria. Forty-three (74.13%) patients had a good response, while 11 (18.96%) had a moderate response, according to the European League Against Rheumatism criteria [30] . The mean dose of prednisone after one year of treatment was 4.6 ± 1.8 mg/day. No significant side effects were noted during the study, the drugs being well tolerated, while two patients were lost to follow-up.
ERA patients exhibited mild but significant higher baseline serum levels of TC, LDL-C, nonHDL-C, triglycerides and apoB (Table 1) . Importantly, the serum HDL-C and apoA-I levels were significantly lower compared to controls. As a consequence, the atherogenic ratio of TC/HDL-C as well as that of LDL-C/HDL-C was significantly higher in ERA patients compared to controls. After 12 months of therapy, a significant decrease in the DAS-28 and ESR values as well as in the CRP levels were observed (Table 1) . Furthermore, post treatment levels of HDL-C were significantly higher compared to the baseline values. By contrast, the serum levels of LDL-C and nonHDL-C were not significantly altered after treatment. Due to the significant increase in HDL-C levels, the post treatment levels of TC were significantly elevated (Table 1) . Importantly, the atherogenic ratios TC/HDL-C and LDL-C/HDL-C were significantly reduced after treatment, a phenomenon primarily due to an early treatment-induced increase in the serum levels of HDL-C (Table 1) . Finally, no changes in the post treatment serum levels of triglycerides were noted.
It should be noted that the increase in TC and HDL-C serum levels induced by early immuno-intervention was inversely correlated with the reduction in the serum CRP levels and ESR values ( Figure 1a ,b and Figure 2a,b) . Finally, no correlation between the DAS-28 values and the above lipid parameters were observed (data not shown).
The most important observation of the present study is the increase of serum HDL-C levels induced by immuno-intervention in ERA patients. In an effort to investigate the mechanism for the HDL-C increase, we determined the CETP activity in controls as well as in ERA patients before and after one year of therapy. The baseline values of CETP activity in ERA patients were significantly higher compared to controls, whereas they were significantly reduced after one year of therapy ( Figure 3 ). It should be noted that no significant alterations were observed in the CETP activity of controls after one year of follow-up (19.0 ± 4.1).
Discussion
Our objective was to determine the lipid profile of ERA patients and to investigate whether this could be influenced by treating RA in the early stages of disease. According to our results, patients with early active RA before therapy exhibited an atherogenic lipid profile characterized by an increase of TC, LDL-C, nonHDL-C and triglyceride serum levels and a reduction in serum HDL-C levels. Thus, an increase in the atherogenic ratio of TC/HDL-C or LDL-C/HDL-C is observed in ERA patients, suggesting that these patients are possibly exposed to a higher risk of atherosclerosis.
The lipid profile of patients with RA has been evaluated in several studies. Some of these studies have reported lower levels of HDL-C and TC, higher serum concentrations of lipoprotein (a) and higher TC/HDL-C and LDL-C/HDL-C ratios in active and/or untreated disease than in the general population [16, 20, 31, 32] . However, other studies have not shown significantly different lipid levels from those observed in the healthy population [33, 34] and others refer to an overall reduction in all lipid sub-fractions in cases of active disease [15, 35, 36] . These contrasting results could be attributed to the size of the samples, the type of study (prospective or cross-sectional), differences in the disease type (established or early), or to differences in the disease activity. Patients in remission or with controlled disease show an increase in HDL-C levels and a reduction in the atherogenic index compared to patients with active disease [15] .
Systemic inflammation may also play a role in the development of atherosclerosis [31, 33] . In fact, the increase of acute phase reactants in cardiovascular events has already been documented [31] . It has even been suggested that RA and atherosclerosis may share a common predisposition factor [32, 33, 37] ; CRP is the common denominator for both diseases [38, 39] . CRP, which increases in active disease, may contribute to atherosclerosis because it stimulates macrophages to produce tissue factor, a procoagulant that is found in atherosclerotic plaques. The presence of CRP in atheromatic lesions also suggests a 'cause and effect' relationship between this acute phase reactant and coronary events [21, 39] .
An important observation of the present study is that ERA patients exhibit low HDL-C serum levels, which are significantly increased after immuno-intervention in parallel with the reduction of CRP levels and ESR values. Importantly, the increase in HDL-C levels was inversely correlated with the reduction in either CRP levels or ESR values. This suggests that inflammation is an important determinant for the reduced HDL-C levels observed in ERA patients. By contrast, immunointervention did not influence the serum levels of LDL-C and triglycerides and it is thus unlikely that inflammation is responsible for the elevation of these lipid parameters observed at baseline in our patients.
In an effort to investigate the biochemical basis for the reduced HDL-C levels exhibited by ERA patients at baseline, we determined the serum levels of CETP activity. CETP exchanges cholesterol esters with triglycerides between HDL and apoB-containing lipoproteins, leading to the reduction in HDL-C levels [21, 22] . Increased CETP activity is associated with low HDL-C levels as well as with an overall atherogenic profile [21] . However, several studies have provided contrasting results as to whether CETP itself represents an independent risk predictor for CAD. As HDL-C levels are inversely related to CAD risk, it is hypothesized that inhibition of CETP activity would lead to the reduction in the risk for CAD [40, 41] . Based on this assumption, several inhibitors of CETP are currently under investigation in large scale clinical studies [23] .
According to our results, ERA patients exhibited significantly higher CETP activity at baseline compared to controls. Thus, we may hypothesize that the reduced HDL-C levels, and consequently the atherogenic lipid profile observed in our patients before treatment, could be attributed at least partially to the higher baseline levels of CETP activity. This hypothesis is fur-
Figure 3
Cholesterol ester transfer protein (CETP) activity of controls and early rheumatoid arthritis patients before and after therapy Cholesterol ester transfer protein (CETP) activity of controls and early rheumatoid arthritis patients before and after therapy. Data are expressed as means ± standard deviation. *p < 0.001 compared with controls; # p < 0.05 compared with pretreatment values.
ther supported by the finding that immuno-intervention significantly reduced CETP activity in parallel with the elevation of the serum HDL-C levels. However, we cannot exclude the possibility that the increased CETP activity and the reduced HDL-C levels observed in our patients at baseline could also be attributed to the fact that several inflammatory mediators inhibit cholesterol efflux from cells by reducing expression of the ATP-binding cassette A1 gene [42] . This possibility is currently under investigation in our laboratory.
The use of DMARDs in ERA for controlling the disease activity may reduce articular damage. Several DMARDs exist for treating RA, but low dose MTX is usually the main choice. Longterm observational studies for periods up to 10 years have shown a sustained clinical response and an acceptable toxicity profile for MTX treatment [43] [44] [45] [46] . In addition, patients with severe RA who do not respond to MTX have a poor prognosis, with increased mortality compared to the general population [47] , while RA patients who respond to MTX exhibit a substantial survival benefit, mainly by reducing cardiovascular mortality [43, 48] . However, there is no clear evidence that the DMARDs used to treat RA decrease the risk of atherosclerosis, or that they are directly protective [49] .
Corticosteroids, on the other hand, have a potentially atherogenic effect, given that they cause dyslipidemia and hypertension [15, 16] . In spite of this, the effect of their long-term administration in RA is not yet completely understood [15, 16] . Several studies have been unable to demonstrate any association between cardiovascular mortality and the use of corticosteroids [50] . A recent study reported a small or no increase in TC levels during long-term administration of corticosteroids [15] . The increase in the prevalence of diabetes mellitus in RA as a late complication of the metabolic syndrome has not been associated with corticosteroid use either [33] . Some authors have extrapolated that the adverse effects of corticosteroids can be counterbalanced, as they exert better control over the inflammatory activity of the disease [51] .
It is possible that RA patients may have some classic risk factors for atherosclerosis development. However, it is not correct to attribute the increased prevalence of atherosclerosis observed in RA patients to these factors. In our study, we tried to exclude patients with classic risk factors for atherosclerosis and we found that ERA patients with high disease activity showed an adverse lipid profile before the commencement of therapy. After one year of treatment, a significant clinical and laboratory improvement was noted. This was correlated with changes in the lipid profile, mainly the increase of HDL-C. HDLs are particles with numerous atheroprotective functions, including facilitation of reverse cholesterol transport, improvement of endothelial function, protection of LDL from oxidation, limitation of hemostasis and retardation of inflammatory activity related to the vascular wall [40] . Since our inclusion criteria were very strict, it is obvious that some reservations should be taken for the extrapolation and generalization of our results for all RA patients.
Conclusion
These findings provide evidence that early immuno-intervention with MTX and corticosteroids controlling the inflammatory process may reduce the risk of atherosclerosis and cardiovascular events in ERA patients. Further, long term longitudinal studies are needed to demonstrate if early treatment in RA patients reduces the risk of cardiovascular events.
